The lower crustal Gföhl Unit (Moldanubian Zone of the Bohemian Massif) consists of various felsic orthogneisses to migmatites (the so-called Gföhl gneiss) that are commonly associated with the high-pressure felsic granulites, serpentinized garnet/spinel peridotites, garnet pyroxenites, eclogites and skarns. The relatively small skarn bodies at Vevčice in southern Moravia have the prevailing assemblage of medium-to coarse-grained granoblastic clinopyroxene + garnet ± amphibole ± epidote. The skarn is cut by narrow veins of diorite pegmatite (SiO 2 = 46-56 wt. %) which is geochemically distinct from granitic melt generated by migmatization of surrounding orthogneisses. Major pegmatite minerals are plagioclase (An 15-44 ), amphibole (K-rich hastingsite and potassic-hastingsite) and quartz, accompanied by minor K-feldspar, garnet, allanite-epidote, clinopyroxene, and accessory titanite. The pegmatites are characterized by high contents of Fe 2 O 3tot (11.2-17.5 wt. %), CaO (7.5-10.1 wt. %), Na 2 O (2.9-3.3 wt. %) and low contents of MgO (1.4-1.6 wt. %), K 2 O (1.2-1.6 wt. %), Rb (43-86 ppm). Whole-rock and mineral chemistry of diorite pegmatites are consistent with their origin as a product of melt infiltration from surrounding migmatites and subsequent contamination by the country-rock skarn, with or without, fractional crystallization/crystal accumulation. Similarity in composition of amphiboles in the skarn and in the pegmatite can indicate formation under similar conditions, at c. 750 °C and 0.7-0.8 GPa.
Introduction
Regionally metamorphosed skarns of the Moldanubian Zone of the Bohemian Massif are commonly intersected by numerous veins and pockets of coarse-grained pegmatites of diorite to tonalite composition. They are known as contaminated amphibole-rich pegmatite (Němec 1963a (Němec , 1968 , plagioclase pegmatite (Staněk 1977) , contaminated primitive amphibole-fluorite-allanite pegmatite (Novák 2005) or amphibole-bearing pegmatite (Novák et al. 2013) . These rocks form irregular to discordant veins which frequently lack modal zoning and disequilibrium textures typical of pegmatites (Novák et al. 2013) . These veins are considered to be products of melt reaction between external anatectic melts and the host skarns; reaction zones formed by alkali-rich calcic amphiboles and biotite are often developed along the contacts with the host skarn (Slavík 1951; Němec 1963a Němec , 1991 Novák 2005; Žáček 2007; Novák et al. 2013) . Excluding the occurrences at Vlastějovice and Líšná, those veins were not studied in detail; their mineralogy, chemical composition and origin remain essentially unknown.
were defined here (e.g., Fuchs and Matura 1976; Matte et al. 1990; Fiala et al. 1995; Schulmann et al. 2008 ): (i) mid-crustal, amphibolite-facies Drosendorf Assemblage divided into the Monotonous (sillimanite-biotitecordierite migmatites with subordinate quartzites and amphibolites) and Varied units (migmatized paragneisses with numerous intercalations or small bodies of marbles, calc-silicate rocks and graphitic gneisses, locally also quartzites, amphibolites and orthogneisses); (ii) lower-crustal/upper-mantle Gföhl Unit dominated by felsic orthogneisses to migmatites (the so-called Gföhl gneiss) and migmatized biotite paragneisses that are commonly associated with high-pressure felsic granulites. The granulites enclose serpentinized garnet/spinel peridotites, garnet pyroxenites, eclogites, iron-rich skarns, and in Raabs subunit also amphibolites, serpentinites, graphitic quartzites, and sporadic marbles and calc-silicate rocks (e.g. Fuchs and Matura 1976; Fritz 1995; Schulmann et al. 2005; Hasalová et al. 2008) . The high-temperature (HT) and high-pressure (HP) peak metamorphic conditions of 800-900 °C and ~1.8 GPa were documented in granulites and eclogites (Medaris et al. 1998; Štípská and Powell 2005; Tajčmanová et al. 2006) . The Gföhl gneiss is currently interpreted as felsic igneous rocks affected by metamorphism at upper amphibolite to granulite facies, more or less overprinted during a rapid decompression (Dudek et al. 1974; Cooke and O'Brien 2001) . This is consistent with the data obtained for exhumation P-T path of the Gföhl gneiss (Hasalová et al. 2008) , which indicate a decrease in equilibration temperature and pressure from 790 °C and 0.6-0.9 GPa, to 690 °C and 0.4-0.5 GPa. The U-Pb zircon ages of 500-390 Ma obtained from the orthogneisses and granulites of the Gföhl Unit are interpreted as magmatic ages of their protolith (Friedl et al. 2004; Schulmann et al. 2005; Kusbach et al. 2015) whereas the ages ranging from 350 to 340 Ma correspond to peak metamorphic conditions (e.g. Schulmann et al. 2005; Kusbach et al. 2015) .
The studied assemblage (skarn penetrated by pegmatite) is part of a lithologically variable sequence of the Gföhl Unit in the area near Vevčice, north of Znojmo, Czech Republic (Fig. 1 ). This sequence is formed by strongly migmatized biotite gneisses which gradually change into nebulitic migmatites with small bodies of Homola et al. 1968; Martinec 1977; Matějovská et al. 1987) .
retrogressed granulites (biotite-sillimanite-garnet). Predominant biotite migmatites contain rare intercalations of skarn (e.g., Němec 1963b (e.g., Němec , 1991 Pertold et al. 1997; Pertoldová et al. 2009 ) and Ca-rich metasediments (Matějovská 1975; Matějovská et al. 1987; Houzar et al. 2014) .
amphibole-rich pegmatite veins at skarn localities in the Bohemian massif
Amphibole-plagioclase pegmatite veins were found at several other localities in the Moldanubian Zone (including Kutná Hora and Svratka units at its N and NE boundaries; Němec 1991; Pertoldová et al. 2009 ). By contrast they are missing in the Saxothuringian Zone (Němec 1963a) . The skarns associated with pegmatites occur at two tectono-stratigraphic levels in the Moldanubian Zone (Pertoldová et al. 2009 (Pertoldová et al. , 2014 : along the contact of the Gföhl Unit with the Varied Unit (Vlastějovice, Županovice), and within the Gföhl Unit (Rešice, Slatina, Vevčice and Kordula).
Mutual similarities among the pegmatites present at different skarn localities include in particular the mineral assemblage of amphibole + plagioclase ± quartz, with minor K-feldspar, Fe-rich clinopyroxene, epidote, grossular-rich garnet and biotite, with accessory titanite and allanite (Němec 1963a (Němec , 1968 (Němec , 1991 . The pegmatite textures are usually comparable, with poorly evolved or absent zoning, and in some cases with biotite-amphibole reaction zones at contacts with (often pyroxene-rich) skarn host rocks.
Diorite pegmatites similar to those in the Vevčice skarn body occur elsewhere in the Gföhl Unit; the nearest localities are pyroxene and pyroxene-garnet skarns near Rešice and Slatina (Fig. 1a) . They contain K-rich calcic amphiboles along with plagioclase (Na > Ca), locally clinopyroxene, K-feldspar and quartz, titanite, fluorapatite, and rare allanite and ferroaxinite (Filip et al. 2002) . Analogous amphibole-rich pegmatite veins and the host skarn at Domanínek near Bystřice nad Pernštejnem are locally extremely enriched in allanite (Němec 1993) .
The Vlastějovice skarn body is the only locality in the Bohemian Massif where pegmatites were studied in detail. Novák et al. (2013) identified four types of amphibole-rich pegmatite veins: (a) ordinary amphibolebearing pegmatites (resembling the Vevčice diorite pegmatites); (b) fluorite-rich pegmatites; (c) pegmatites with hydrothermal overprint and (d) pocket pegmatite. All four pegmatite types are characterized by amphibole, predominance of plagioclase over K-feldspar, quartz, biotite (annite) in variable amounts, locally abundant fluorite, allanite-(Ce) and REE-rich products of its hydrothermal alteration, calcite, (Al-F)-rich titanite, magnetite, rare epidote, clinopyroxene, apophyllite, prehnite, and sporadic tourmaline, ferroaxinite, wollastonite, uraninite, thorite and bismuth. Reaction rims composed of amphibole, biotite, and Ca-plagioclase (locally also fluorite) developed at the contact between (a) type amphibole pegmatites and the host skarn (Goliáš 2002; Žáček 2007; Novák et al. 2013 ).
Analytical techniques

mineral chemistry
Electron microprobe analyses (EMPA) of individual minerals were performed using the Cameca SX-100 instrument at the Joint Laboratory of Electron Microscopy and Microanalysis of Masaryk University and the Czech Geological Survey (Brno, Czech Republic; analysts R. Škoda and P. Gadas). The measurements were carried out using a wavelength-dispersive (WDS) mode under the following conditions: accelerating voltage 15 kV, beam current 10 or 20 nA; beam diameter 1 or 4 μm. Natural and synthetic standards were used for amphibole, garnet, pyroxene, feldspars, epidote and accessory minerals: Si, Al, K -sanidine; Na -albite, Fe -almandine (andradite for feldspars), Mn -spessartine, Mg -pyrope, Ca -wollastonite, Ti -titanite, P -fluorapatite, Y -YPO 4 , Ni -Ni 2 SiO 4 , Zn -gahnite, Cr -chromite, Sc, V -ScVO 4 , Ba -barite, Sr, S -SrSO 4 , F -topaz, Cl -vanadinite, REE -phosphates of individual elements (La, Ce, Pr, Nd, Sm, Gd, Dy, Er, and Yb). The following standards were used for titanite, zircon, magnetite and ilmenite analyses: Ti -anatase, Ca, Si -titanite, Fe -hematite, Mg -spinel, Zr -zircon, Hf -hafnium, U -metallic U, Th -brabantite, Nb -columbite, Ta -CrTa 2 O 6 and Sn -metallic Sn. The raw data were processed using the X-Phi correction of Merlet (1994) .
The amphibole formulae were calculated on the basis of the cation sum of 13 atoms without Ca, Na and K (13 eCNK) and the Fe 2+ max /Fe 3+ min ratios on the basis of 23 oxygen atoms (Leake et al. 1997) . The abbreviations of the mineral names used in the text are from Whitney and Evans (2010) .
Whole-rock geochemistry
Samples weighing ~ 1 kg were used for whole-rock chemical analyses; they were acquired at the Acme Analytical Laboratories (Vancouver, Canada). Major oxides, Ba, Ni, Cu, Pb and Zn were analysed by the ICP-ES method. Loss on ignition (LOI) was calculated from the weight difference after ignition at 1000 ºC. The rare earth and other trace elements were analysed ICP-MS following LiBO 2 fusion (analytic code: A4B4 -major oxides, Ba, Be, Co, Cr, Cs, Ga, Hf, Nb, Ni, Rb, Sc, Sr, Ta, Th, U, amphibole (≤ 10 vol. %) and plagioclase (≤ 10 vol. %). Garnet is subhedral and intergrows with clinopyroxene; their textures indicate that they were early minerals in the skarn assemblage. Amphibole forms black subhedral to anhedral grains up to 15 mm across. It is younger than garnet and clinopyroxene, as it forms poikiloblasts with inclusions of these phases, or veinlets cross-cutting the garnet and pyroxene grains. Increased amounts of amphibole, typically subhedral to euhedral in shape, are present in fine-grained parts of the skarn. Subhedral plagioclase and rare anhedral quartz are irregularly distributed between garnets grains. Accessory minerals include magnetite (with exsolutions of aluminous spinel), locally intergrown with ilmenite, rare titanite and zircon.
Skarn type B This relatively rare skarn type is finegrained and granoblastic. Its mineral assemblage is dominated by garnet (50-70 vol. %) with epidote (15-30 vol. %) and small amounts of amphibole (<10 vol. %) and clinopyroxene (< 10 vol. %). Texturally late epidote is commonly intergrown with garnet and locally forms fine-grained Grt + Ep + Pl symplectites. Accessory minerals include common titanite, minor plagioclase, and rare quartz. Late hydrothermal mineral assemblages (usually less than 5 mm thick veinlets) contain mainly epidoteclinozoisite, prehnite and albite.
Skarn type C The texturally heterogeneous skarn type C is relatively rich in amphibole (40-70 vol. %), plagioclase (10-40 vol. %), clinopyroxene (10-30 vol. %), magnetite (1-8 vol. %), quartz (0-7 vol. %) and plagioclase (0-3 vol. %). Amphibole is younger than pyroxene and amphibole grains contain inclusions of garnet, K-feldspar, titanite, REE-epidote and allanite. Magnetite forms mm-sized intergrowths with pyroxene, amphibole and quartz. Accessory minerals are represented by fluorapatite, prevailing over zircon, ilmenite, and rutile.
Diorite pegmatite
The skarn body is brecciated and contains significant amounts of the amphibole-rich pegmatite matrix (10-50 vol. % in the central part). The largest accumulations of pegmatite are observed near skarn footwall (Fig. 2a) . The pegmatites are least abundant in the upper part of the skarn body where irregular narrow pegmatite veinlets form less than 10 vol. % of the rock (Fig. 2b) . The pegmatite veins are in all cases very irregular and their shape depends on degree and type of brittle deformation in the skarn body. The skarn xenoliths are typically rounded (Fig. 2a) , and in some cases subangular and angular ( Fig. 2c-d) .
The pegmatite veins range in composition from tonalite to meladiorite (cumulatively designated as diorite pegmatite). Major pegmatite minerals are oligoclase-andesine plagioclase (40-63 vol. %), amphibole (35-50 vol. %) V, W, Y, Zr, REE; 1DX -Ag, As, Au, Bi, Cd, Cu, Hg, Mo, Ni, Pb, Sb, Se, Tl, Zn; 2ALeco -C tot , S tot ; for analytical details, reproducibility, and detection limits see http:// acmelab.com). Geochemical data were processed using the GCDkit software package (Janoušek et al. 2006 ).
Thermodynamic modelling
The P-T histories of skarns are constrained through interpretation of reaction textures based on phase diagram (pseudosection) for model systems CaO-MgO-FeOAl 2 O 3 -SiO 2 -Na 2 O-H 2 O-CO 2 -O 2 . The P-T pseudosections for sample HS-2a have been calculated by the program PERPLEX (Connolly 2005) with the thermodynamic data of Powell (1998 updated in 2004) . Mixing properties of phases used for the calculation were taken from Holland and Powell (1998) 
Results
The skarn at Vevčice is a texturally variable body max. ~ 30 m long; it is cross-cut by veins of diorite pegmatite up to 10 cm thick which form up to 25 vol. % of the outcrop. The skarn is hosted by diatexite migmatite (Qz + Kfs + Pl + Bt ± Grt ± Sil) which occasionally encloses layers and boudins of calc-silicate rocks (Pl + Di + Amp + Ttn ± Rt) and dark garnet-bearing biotite gneiss (Houzar et al. 2014) . Fine-grained leucocratic granulite (Qz + Kfs + Pl + Grt + Sil ± Ky ± Bt) was found in migmatites near the skarn footwall.
Petrography
Skarn
The skarn body is composed of three major rock types with distinct mineral assemblages: (i) garnet + clinopyroxene ± amphibole ± plagioclase (skarn type A), (ii) garnet + clinopyroxene + epidote ± amphibole ± plagioclase (skarn type B), (iii) amphibole + clinopyroxene + quartz + magnetite ± plagioclase ± garnet (skarn type C).
Skarn type A This prevailing rock type in the outcrops is medium-grained and has massive, granoblastic texture. The skarn consists of garnet (70-80 vol. %), clinopyroxene (15-20 vol. %), and variable amounts of pyroxene in pegmatite) are present in variable amounts in both rock types.
amphibole
Chemical composition of amphibole ranges from the K-rich hastingsite to potassic-hastingsite (Si 5.863-6.219 apfu, K 0.310-0.459 apfu, Na 0.291-0.504 apfu) with low contents of Ti (< 0.212 apfu), Cl (< 0.060 apfu) and Mn (< 0.034 apfu).
Hastingsite from diorite pegmatite is dominated by K over Na and low fraction of vacancies in the A-site (0.250 apfu). The amphibole has generally high F (> 0.180 apfu), and also Cl (> 0.035 apfu) when compared to the amphibole from skarn. Amphibole from the pegmatite at the contact with skarn has variable contents of Ti (> 0.100 apfu). Hastingsite crystals are insignificantly zoned, except for a slight increase in A-site vacancy, Fe, Si, and F in crystal rims in amphibole from pegmatite interior. This indicates substitutional trend towards ferro-edenite, or ferro-hornblende (Fig. 3a) . and quartz (2-23 vol. %); minor minerals are represented by K-feldspar (locally enclosed in plagioclase), garnet, allanite-epidote, clinopyroxene, and accessory titanite. Garnet typically forms small anhedral grains enclosed in amphibole, less frequently tiny inclusions in plagioclase. Quartz occurs as small anhedral grains among large subhedral plagioclase ) and columnar amphibole crystals. The contacts between diorite pegmatite and skarn are typically sharp; narrow (< 5 mm) plagioclase-rich reaction zones are locally present mainly adjacent to pyroxene-rich skarn fragments (Fig. 2d) . On microscopic scale, are garnet crystals and aggregates frequently penetrated by veinlets with an assemblage of amphibole ± plagioclase, rare quartz (< 5 vol. %) and K-feldspar.
mineral chemistry
Minerals that are the most significant for comparison between the skarn and the diorite pegmatite include amphibole, garnet, clinopyroxene, feldspars, and accessory titanite and metamict allanite. All (except sporadic clino- Chemical composition of hastingsite from skarns shows weak variations in different mineral assemblages and textural settings (Tab. 1, Fig. 3b) . Hastingsite from the skarn shows the highest proportion of vacancies in the A-site (0.22-0.38 apfu) and slight prevalence of Na over K. It has the lowest Ti (0.019-0.083 apfu) and Cl contents (0.008-0.031 apfu), particularly when associated with plagioclase.
Garnet
Assemblages with pyroxene in the skarn types A and C are dominated by Ca-rich almandine ( Fig. 4 Prp 3-7 Sps 1-3 ). It has very low contents of Na (0.002-0.009 apfu), Ti (0.006-0.008 apfu), and F (0.005-0.018 apfu). In the vein border zones, garnet forms relict grains compositionally identical to the same mineral in the host skarn.
Clinopyroxene
Clinopyroxene is represented by Mg-rich hedenbergite (61-68 mol. % Hd); clinopyroxene with elevated Fe contents is typical of assemblages with Hd + Amp + Grt ± Mgt (Fe 2+ 0.523-0.564 apfu in the garnet assemblages, and Fe 2+ 0.538-0.613 apfu in the magnetite assemblages, respectively; Tab. 3).
Compared to the other regionally metamorphosed skarns of the Gföhl Unit ( Houzar et al. (2014) plagioclase, and quartz in skarn contact zones; and the lowest ( IV Al < 0.045 apfu) in assemblages with magnetite. Clinopyroxene has rather low contents of Na (0.025-0.047 apfu) and Fe 3+ (0.041-0.126 apfu), and is poor in Mn (0.003-0.009 apfu) and Ti (0.003-0.011 apfu).
Feldspars
Plagioclase is present in all rock types; it is mostly andesine (An 28-46 ) which typically occurs together with K-amphibole. Feldspars are volumetrically dominant especially in the diorite pegmatite which, in addition, contains oligoclase (An 15-18 ) with inclusions of K-feldspar (Houzar et al. 2014 ).
minor and accessory minerals
Accessory titanite is present as microscopic grains in amphibole-bearing parts of both skarn and pegmatite of Nb, Sn, LREE, and Na are very low; however, rims of titanite grains are locally enriched in Sn (> 0.014 apfu). The highest Sn amounts (0.048-0.163 apfu) were found in the titanite from the epidote-garnet skarn type B (Fig. 6b) . Characteristic minor to accessory minerals in the pyroxeneamphibole skarn are REE-rich epidote and allanite, both typically metamict and hydrated (Houzar et al. 2014) . These minerals are dominated by LREE (Ce 0.075-0.216 apfu, La 0.059-0.142 apfu, Nd 0.059-0.091 apfu), whereas HREE + Y are below the detection limits (Tab. 4). Allanite is typically metamict, hydrated and Si-deficient; its alteration causes formation of (sub)microscopic chemically inhomogeneous grains with Th, Si, REE and P (rhabdophane, thorogummite) on fractures or in vicinity (Fig. 6c) . Chemically variable younger clinozoisite-epidote (0.03-0.76 apfu Fe) replaces garnet in B type skarn (Houzar et al. 2014) . Magnetite is present in accessory amount only (skarn type A and C). Its contents of Ti and Al are elevated (Ti 0.022-0.087 apfu; < 1.48 wt. %, Al 0.044-0.066 apfu; Tab. 5). Mn-poor ilmenite (MnO < 1.56 wt. %) occurs intergrown with rutile as corroded relics in titanite. Intergrowths of ilmenite with magnetite, rutile and Al-spinel inclusions are locally rimmed by titanite crystals (Fig. 6d) . The rare accessories are fluorapatite (≤ 2.28 wt. % F; < 1 wt. % Cl) and low-Hf zircon (1.5-1.6 wt. % HfO 2 ). 
Whole-rock geochemistry
Skarns
The whole-rock chemical composition was determined for representative samples of the three main skarn types (Tab. 6): (a) most common type A (HS-1), (b) minor skarn type B (HS-2, 2a, 3) and (c) sporadic skarn type C (HS-5). Skarns are ultrabasic rocks (Fig. 7a , Tab. 6) with low contents of Na 2 O (0.46-2.16 wt. %) and K 2 O (0.25-1.73 wt. %). Contents of major-element oxides and trace elements exhibit relatively large scatter (Figs 7b, 8 , and Tab. 6). Garnet-pyroxene-amphibole skarn (type A) is characterized by low concentrations of TiO 2 , Na 2 O, P 2 O 5 , LILE (large-ion lithophile elements), Y, Th, U, Zr and Nb (Fig. 8 (Fig. 8) .
The total REE contents are variable, ranging from 72 ppm to 298 ppm, the highest concentration being found in the epidote-rich skarn type B. Chondrite-normalized REE patterns (Boynton 1984) of the skarn type B are enriched in LREE (La N /Yb N = 5.2-8.1); on the other hand, garnetrich skarn type A is slightly depleted in LREE (La N /Yb N = 0.9). The skarn type C shows relatively flat REE pattern (La N /Yb N = 1.5). In general, the LREE-rich samples are characterized by the presence of allanite whereas LREE depletion correlates with a high proportion of garnet in the rock. All REE patterns share distinct positive Eu anomaly (Eu/Eu* = 1.8-4.0) combined with relatively flat HREE segment (Fig. 9a) .
Primitive mantle-normalized patterns (after McDonough and Sun 1995) for skarns (Fig. 9b) show considerable degree of enrichment in incompatible elements. All patterns are characterized by the presence of Th, U, Eu spikes and Ba, Nb, Sr and Ti troughs. The skarn type B is characterised by variable Pb, Sr contents which correlate positively with modal amount of epidote. The garnet-rich skarn type A shows low contents of LILE, REE and HFSE (high field strength elements, mainly Nb, Ta) in comparison with the type B.
Diorite pegmatite
The diorite pegmatite samples (Fig. 8 , Tabs 6-7) are characterized by low contents of SiO 2 (46.2-56.1 wt. %), K 2 O (1.2-1.6 wt. %) and Rb (43-86 ppm), as well as high contents of FeO t (10.1-15.7 wt. %), CaO (7.5-10.1 wt. %), MgO (1.4-1.6 wt. %), and Na 2 O (2.9-3.3 wt. %). In the TAS (total alkalis versus silica) diagram (Middlemost 1994), the pegmatite samples have a gabbroic to gabbrodioritic composition (K 2 O + Na 2 O = 4.5-5.0 wt. %, Fig. 7a ). Variations in contents of main oxides correlate with the modal heterogeneity of the rock, mainly with the variation of amphibole/ plagioclase ratio.
The diorite pegmatites have variable, often low contents of REE (Tab. 7, 83-346 ppm), with a slight LREE/ HREE fractionation (La N /Yb N = 2.0-12.9; using normalization values from Boynton 1984), positive Eu anomaly (Eu/Eu* = 1.3-1.6). The primitive mantle-normalized Sample descriptions: HS-1 massive pyroxene-garnet skarn, HS-2 pyroxene-garnet-epidote skarn (fine-grained) with narrow amphibole + plagioclase veinlets, HS-2a pyroxene-garnet-epidote skarn (medium-grained), HS-3 garnet skarn (medium-grained), with rare narrow amphibole veinlets, HS-5 magnetite-bearing, amphibole-pyroxene ± garnet ± quartz skarn, HS-4 pegmatite with rare small amphibole-rich skarn relics, HS-4a diorite pegmatite, HS-4ag garnet-bearing amphibole pegmatite patterns (after McDonough and Sun 1995) for pegmatites are similar to skarns (Fig. 9b) , with variable concentrations of Th (7.1-72.7 ppm), Pb (2.9-5.9 ppm) and Sr (83.1-114.7 ppm). The abundances of Rb, Pb and Eu are lower relative to the migmatites in Gföhl Unit (Figs 8, 9b; Hasalová et al. 2008) .
Discussion
amphibole and garnet composition
Amphiboles of the Vevčice skarn and diorite pegmatite have very similar compositions ranging from potassichastingsite to hastingsite (simple homovalent substitution KNa -1 ) and they are relatively poor in Cl and F.
Amphiboles in pegmatite have a slightly lower A-site vacancy than those in skarns, and typically show slight prevalence of K over Na in the A-site. Slight difference is visible between compositional trends in hastingsite from the skarn and the pegmatite, whereby the latter, associated with plagioclase, is slightly enriched in Si and Mg. Potassium-dominant amphiboles originate by three principal geological processes (Gulyaeva et al. 1986; Suwa et al. 1987; Mazdab 2003; Krmíček et al. 2011): (1) alkali-chloride metasomatism, (2) K-rich in-situ isochemical metamorphism, and (3) crystallization from K-rich magma and by affiliated metasomatism. But amphiboles in the present study do not belong to any of the groups above.
Potassium-rich amphiboles are known from several skarn bodies in the Moldanubian Zone (e.g. Holšice; Fig. 8 Variation diagrams showing selected major-element oxide and trace-element abundances in individual types of skarn and in diorite pegmatite (both this study), and migmatites from the Gföhl Unit (Hasalová et al. 2008) . For comparison are shown chemistries of felsic sheets and pegmatites that are interpreted as products of amphibole dehydration melting and subsequent fractional crystallization (Johnson et al. 2012) . Drahota et al. 2005) ; however, amphiboles in ironrich skarns are alkali-poor, usually ferro-hornblende to ferro-actinolite (Němec 1968 (Němec , 1970 . K-rich hastingsite to potassic-hastingsite with slightly lower K 2 O is present in some of the pegmatites cross-cutting the Vlastějovice skarn (Žáček 2007; Novák et al. 2013) .
Compositions of garnet (Ca-rich almandine) in the Vevčice skarn (types A, C) and in the diorite pegmatite are nearly identical. The observed compositional range is significantly different from that found in garnet from amphibole-bearing pegmatites at Vlastějovice with grossular-andradite containing low spessartine and no pyrope components (Fig. 4) . It likely formed due to contamination by the host skarn (Novák et al. 2013) . The microtextural evidence indicates formation of garnet followed by crystallization of amphibole during decompression of the skarns. 1986; Michard 1989; Klinkhammer et al. 1994; Mills and Elderfield 1995) . The REE patterns in the skarns (particularly in the type B) could be interpreted as a pre-metamorphic signature of protolith.
The results of Pertold et al. (1997) Grey region is the compositional range of migmatites from the Gföhl Unit (Hasalová et al. 2008). cate that the majority of REE is concentrated in the main rock-forming minerals (pyroxene, garnet and magnetite). Positive Eu anomaly is typical mainly of garnet and pyroxene (magnetite shows variably positive or negative Eu anomalies). Garnet is enriched in HREE and depleted in LREE, in contrast to clinopyroxene and magnetite which show slight enrichment in LREE (Pertold et al. 1997) . The LREE are also hosted in accessory minerals such as allanite and titanite; for example, the concentrations 3.4-3.5 wt. % and 0.15-0.18 wt. % Ce (Tab. 4) in allanite and titanite respectively. The LREEpoor pattern of the sample of garnet-rich skarn (type A) can be therefore explained by its nearly monomineral composition, because Ca-garnet (andradite-grossular) in skarns is often characterized by strong positive Eu anomaly, depletion in HREE, and enrichment in LREE, in contrast to Al-garnets from metapelites or amphibolites (Gaspar et al. 2008 ). Observed differences in LREE contents in individual whole-rock analyses of the type B and skarns C agree with variable contents of allanite and titanite in the studied samples. In particular, skarn type B samples with high degree of LREE fractionation are characterized by higher contents of allanite and titanite compared to other skarn types.
The REE pattern of pegmatite (sample HS-4) is similar to that of the amphibole-rich skarn (sample HS-5; Ce N /Yb N = 1.5) except for a weak LREE fractionation. The other two samples of pegmatite show a higher degree of LREE fractionation (Ce N /Yb N = 5.9-9.1). These results can be explained by variable modal amounts of amphibole, allanite and titanite in the pegmatite samples.
evolution of the skarn mineral assemblages from the Gföhl unit
Based on earlier published data and the results of this work, we can identify several stages of metamorphic evolution of skarns from the Gföhl Unit, with one exception including the Vevčice skarn body:
The first stage is represented by relics of hydrous prepeak skarn mineral assemblages present in the skarns of the entire Moldanubian Zone. However, they are only preserved as rare inclusions in garnet and clinopyroxene. Garnet often contains epidote inclusions (Pertoldová et al. 2009 ), whereas amphibole inclusions are rare. Clinopyroxene from the skarns in the Moldanubian Zone sometimes contains inclusions of the hisingerite-neotocite group minerals (Drahota et al. 2005) . Specific features of the PERPLE_X pseudosection for skarn sample HS-2a (Fig. 10a) are: (1) the occurrence of amphibole at T ≤ 625 °C, (2) the appearance of the mineral assemblage Grt + Cpx + Pl at P > 0.6 GPa and T > 625 °C, and (3) the appearance of quartz at high P and low T.
Second stage of metamorphic evolution is documented by rare jadeite-rich (up to 22 mol. %) clinopyroxene in- clusions in garnet; this HP mineral assemblage (1.3-1.4 GPa at 790-850 °C; Pertold et al. 1997 ) is known from a few skarns bodies only (Rešice, Slatina) in vicinity of the Vevčice occurrence. Complete disappearance of the Na-rich clinopyroxene has resulted in the formation of a new mineral assemblage with Na-rich plagioclase and Al-rich hedenbergite. However, evidence for this stage in the form of jadeite-rich pyroxene was never observed in the Vevčice skarn. Third stage is represented by the mineral assemblage including garnet, hedenbergite, plagioclase, quartz, magnetite, with minor epidote, titanite and allanite. In Vevčice, we have calculated the P-T conditions of 734-823 °C at 0.9-1.5 GPa based on the garnet-clinopyroxene geothermometer (Krogh and Ravna 2000a) and garnet-clinopyroxene geobarometer (Simakov 2008) . These conditions document post-peak recrystallization during exhumation and are in a good agreement with the estimates previously published for other skarns in the Gföhl Unit (Pertold et al. 1997) . Partial melting in the surrounding Gföhl gneiss started within this P-T range (790 °C and 0.9 GPa; Hasalová et al. 2008) .
At the same time the pressures of 0.9-1.0 GPa at temperature ~800 °C are very close to amphibole dehydration melting solidus of basic rocks (Wyllie and Wolf 1993) . Temperature of the pegmatite melt formation at Vevčice could have been above ~800 °C when considering zircon saturation temperature of c. 820 °C (calculated after Watson and Harrison 1983) .
Fourth stage is represented by a mineral assemblage including amphibole and epidote; it formed at 763-808 °C at 0.8 GPa based on the amphibole and plagioclase thermometer (Holland and Blundy 1994) . The similar chemical composition of amphiboles from the skarns and diorite pegmatite can be interpreted as extensive mid-crustal re-equilibration of the skarn mineral assemblage of the third stage.
Conditions of pegmatite crystallization
Mineral assemblage of the pegmatites at Vevčice (Pl + Amp ± Grt ± Qz ± Aln ± Mag) allowed estimation of crystallization P-T conditions; textural relationships indicate simultaneous crystallization of amphibole, plagioclase and garnet. Solidification temperatures were calculated from the amphibole-plagioclase thermometer of Holland and Blundy (1994) in combination with garnet-amphibole thermometer (Krogh and Ravna 2000b) , and the pressure was obtained from Al-in-hornblende barometer (Anderson and Smith 1995) . The estimated P-T conditions (Tab. 8) are 747-758 °C and 0.7-0.8 GPa, in agreement with the pressure stability range of magmatic epidote (over 0.5 to 3.0 GPa; Schmidt 1995, 2004) and with the maximum temperature stability limit for magmatic epidote under fluid-saturated conditions in tonalite (~ 750 °C; Poli and Schmidt 2004) . Experimental studies (Holdaway 1972; Liou 1973 ) also indicated a strong dependence of epidote thermal stability on oxygen fugacity. The observed presence of the quartz + titanite (with inclusions of magnetite and ilmenite) assemblage requires low f(O 2 ), slightly above the QFM buffer (Wones 1989). The P-T conditions of the pegmatite melt crystallization (747-758 °C and 0.7-0.8 GPa) are ~ 60-100 °C higher than the fluid-saturated solidus of basaltic system (Lambert and Wyllie 1972, ~ 650 °C at 0.8 GPa; Fig. 10b ).
For similar pegmatites with fluorite and amphibole intruding the skarn near Vlastějovice were obtained slightly lower P-T conditions of crystallization (600-640 °C and 0.4-0.6 GPa; Ackerman et al. 2007 ).
Source of melt
Formation of the diorite pegmatite melt can be explained by three main mechanisms:
(a) fluid-present melting of relatively basic protoliths with, or without, metasomatic reaction between the host skarn and external fluids (Si, Na, Ba, Sr, K, H 2 O-rich; e.g. Pattison 1991), (b) in-situ dehydration melting of basic igneous rocks (e.g. Johnson et al. 2012 and the references therein), (c) injection by acidic melt from a more distal source and its contamination by the host skarn (e.g., Novák et al. 2012 Novák et al. , 2013 Gadas et al. 2014) .
6.5.1. Fluid-present melting and/or metasomatic reaction
Addition of H 2 O to the basic protolith (including skarns) reduces thermal stability of the mineral assemblage (e.g. (Anderson and Smith 1995) Green 1982). Fluid-present melting of basic rocks at pressure exceeding 1.5 GPa typically generates adakitic melts (SiO 2 > 56 wt. %, Al 2 O 3 > 15 wt. %, Na 2 O > 5 wt. %, high Sr/Y > 20-40, high HFSE and low HREE) and the garnet + clinopyroxene ± amphibole residue (e.g. Defant and Drummond 1990; Peacock et al. 1994; Rapp and Watson 1995; Winther 1996; Drummond et al. 1996; Xiong et al. 2005 Xiong et al. , 2006 Moyen 2009 ). However, the studied pegmatite has a chemical composition close to diorite and gabbro with lower contents of Na 2 O (2.9-3.6 wt. %), SiO 2 (46.2-56.1 wt. %) and very low Sr/Y ratio (2.1-5.1).
Dehydration melting of skarn and effects of fractional crystallization
Garnet zoning in skarns from several localities of the Gföhl Unit reflects post-peak decompression from 1.2 GPa at c. 800 °C to 0.6-0.8 GPa and 670 °C (Drahota et al. 2005) . These conditions would be appropriate for partial melting of a wide range of basic rocks (Fig. 10b ) including hydrous mineral assemblages of skarns. Similar P-T path was also assumed for skarns from the southeastern part of the Gföhl Unit, which were affected by an analogous HT-HP metamorphic event (800 °C and >1.4 GPa) followed by partial re-equilibration under amphibolite-facies conditions (Pertold et al. 1997 ). The P-T conditions calculated for the formation of garnet-rich metamorphic assemblages in skarns (Pertold et al. 1997 ) exceed the stability field of epidote and amphibole (Vielzeuf and Schmidt 2001; Qian and Hermann 2013). During dehydration melting reactions, epidote and/ or amphibole break down to garnet and/or clinopyroxene (Poli 1993; Vielzeuf and Schmidt 2001) . Experimental studies on the dehydration-melting of amphibole-rich rocks produced melt with wide range of chemical compositions according to the protolith types and P-T conditions of melting (Hacker 1990; Skjerlie and Johnston 1992; Wolf and Wyllie 1994; Watkins et al. 2007) .
Partial melting of Amp + Pl pair occurs more likely as a result of high-pressure (P > 1 GPa) reaction Amp + Pl = Ep ± Grt + Cpx + melt, rather than due to the medium-pressure (P < 1 GPa) reaction Amp + Pl + Qz = Cpx + melt (López and Castro 2001; Zhang et al. 2014) . Another possible melting reaction involving epidote/ zoisite is Amp + Ep/Zo + Qz = Grt + melt (Vielzeuf and Schmidt 2001).
The P-T conditions for peak mineral assemblages in the Gföhl Unit skarns (1.3-1.4 GPa at 790-850 °C; Pertold et al. 1997) are consistent with the formation of tonalitic to trondhjemitic melt (e.g. Rushmer 1991; Wyllie and Wolf 1993) . Petrographically and chemically similar pegmatites (Pl + Cpx ± Opx ± Amp ± Qz; Figs 7-8) were described as products of partial melting of metagabbros under granulite-facies conditions (Pattison 1991; Berger et al. 2008; Johnson et al. 2012) . Moreover, Vevčice pegmatite contains angular to subangular fragments of garnet-rich skarn (type A), which show mineralogical and chemical similarity with solid product (restite) of dehydration melting (López and Castro 2001; Zhang et al. 2014) .
Discontinuous veins of diorite pegmatite are oriented randomly to the foliation and compositional layering of the host skarns. Diffuse leucocratic rims are sometimes present at the contact of pegmatite and garnet skarn xenoliths. Brecciation of skarn layers demonstrates brittle deformation during melt segregation. Amphibole-rich xenoliths contain relics of clinopyroxene and can be interpreted as products of peritectic reaction between clinopyroxene skarn and pegmatite melt.
Genesis of anatectic melt requires operation of melting reactions driven by changing P-T conditions, and segregation of the melt assisted by local stress field (Sawyer 1991). Chemical composition of the segregated melt can be strongly affected by equilibration with the host rocks (e.g. Sawyer 1991; Bea 1996) but can be also modified during its own evolution (fractional crystallization). Melt would migrate into decimetre-to metre-scale channels; they are now represented by the pegmatite veins, providing a record of deformation-controlled melt migration contemporary with the melt formation (e.g., Brown et al. 2011) . Chemical composition of diorite pegmatite veins is inconsistent with the results of experimental works ( Fig. 7a-b (Novák et al. 2012; Gadas et al. 2014) . On the other hand, diffusive exchange of elements between magma and country-rock occurs at extremely rapid rates (e.g. Erdmann et al. 2007 ). Pertold et al. (1997) reported that the banding of the nearby Rešice skarn body is cross-cut by veins of biotite leucogranite and similar veins of diatexite to biotite granite are also present at the border of the Vevčice skarn outcrop. This melt derived from the surrounding migmatised Gföhl gneisses coexisted with the skarn without any significant changes to the modal composition (biotite is present as the only ferromagnesian mineral). This can be explained by the multiple injections of anatectic melt during skarn exhumation (e.g., young dykes would have undergone little or no contamination as a consequence of low ambient temperature).
Formation of the diorite pegmatite could have resulted from pervasive infiltration of a felsic melt along grain boundaries. Pervasive melt infiltration driven by grain-scale porous flow along high-porosity dissolution channels (e.g. McKenzie 1989; Kelemen et al. 1997; Reiners 1998 ) cannot be excluded, leading to the reaction: amphibole (skarn) + granitic melt → dioritic to gabbroic melt + clinopyroxene + garnet. The pegmatites in the variation diagrams are usually situated between the compositions of the dominant type A skarns and the Gföhl gneisses (Fig. 8) . Indeed, if compared to Gföhl gneisses affected by high degree of partial melting (nebulites; Hasalová et al. 2008) , the studied diorite pegmatites are characterized by higher Al 2 O 3 , Na 2 O, CaO, FeO t , MgO, REE, Th and lower Zr, Rb, P 2 O 5 and K 2 O contents (Figs 8-9) . Theoretically, the contaminated melt would be enriched mainly in incompatible elements such as HFSE and depleted in alkalis (e.g., Rapp and Watson 1995; Winther 1996; Xiong et al. 2005 Xiong et al. , 2006 . In reality, the studied diorite pegmatites are depleted in Rb and K 2 O, but content of numerous HFSE (e. g., U, Nb, Y) is similar as in leucosome generated by partial melting of the surrounding Gföhl gneisses (Fig. 8) .
Based on the presented data we are not able to offer a definite conclusion here. However, our results slightly favour scenario that pegmatites could be a product of interaction between skarns and anatectic melts derived from the surrounding Gföhl gneisses affected by high degree of partial melting. Some differences (e. g., high content of Na 2 O and low contents of Zr, P 2 O 5 in comparison to the skarns and Gföhl gneisses) can be explained if the composition of the contaminated magma was changed by subsequent fractional crystallization and/or crystal accumulation (Johnson et al. 2012 ).
Conclusions
Clinopyroxene ± garnet ± amphibole ± magnetite ± plagioclase ± quartz skarn is a characteristic rock type of the Gföhl Unit, including the Vevčice locality in S Moravia. Small skarn bodies (usually 20-30 m in diameter) are locally cross-cut by numerous veins of diorite pegmatites or the melt patches. They are coarse-grained but do not show zoning and textures typical of granitic pegmatites. Characteristic is the lack of unidirectional solidification textures, graphic and blocky zones, as well as, in most cases, any reaction zones at the contact with the host skarn. Major pegmatite minerals are potassichastingsite (0.3-0.5 apfu K), plagioclase (An 15-44 ), and garnet (Alm 52-60 Grs 25-37 Adr 5-7 Prp 3-7 Sps 1-3 ), whereas minor minerals are represented by K-feldspar (locally enclosed in plagioclase), quartz, allanite-epidote, clinopyroxene, and accessory titanite. Amphibole-rich diorite pegmatite with low silica contents (SiO 2 46-56 wt. %) cutting the Vevčice skarn probably formed as a product of partial melt infiltration from surrounding migmatites and subsequent magma contamination by the country-rock skarn, with or without attendant fractional crystallization/crystal accumulation. Similarity in composition of amphiboles in the skarn and in the pegmatite can indicate formation under comparable conditions as were those estimated for the pegmatite crystallization . 
